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Descrlpti n 

Background of the Invention 

5 This invention relates generally to methods and apparatus for conducting analyses. More particularly, the invention 
relates to the design and construction of small, typically single-use, modules capable of analyzing a fluid sample. 

In recent decades the art has developed a very large number of protocols, test kits, and cartridges for conducting 
analyses on biological samples for various diagnostic and monitoring purposes. Immunoassays, agglutination assays, 
and analyses based on polymerase chain reaction, various ligand-receptor interactions, and differential migration of 

10 species in a complex sample all have been used to determine the presence or concentration of various biological com- 
pounds or contaminants, or the presence of particular cell types. 

Recently, small, disposable devices have been developed for handling biological samples and for conducting cer- 
tain clinical tests. Shoji et al. reported the use of a miniature blood gas analyzer fabricated on a silicon wafer. Shoji et 
al., Sensors and Actuators. J5:101-107 (1988). Sato et al. reported a cell fusion technique using micromechantcal sili- 

15 con devices. Sato et al., Sensors and Actuators. A21-A23 :948-953 (1990). Ciba Corning Diagnostics Corp. (USA) has 
manufactured a microprocessor-controlled laser photometer for detecting blood clotting. 

Micromachining technology originated in the microelectronics industry. Angell et al., Scientific American. 248:44- 
55 (1983). Micromachining technology has enabled the manufacture of microengineered devices having structural ele- 
ments with minimal dimensions ranging from tens of microns (the dimensions of biological cells) to nanometers (the 

20 dimensions of some biological macromolecules). This scale is referred to herein as "mesoscale". Most experiments 
involving mesoscale structures have involved studies of micromechanics, i.e., mechanical motion and flow properties. 
The potential capability of mesoscale structures has not been exploited fully in the life sciences. 

Brunette (Exper. Cell Res.. 1£Z:203-21 7 (1 986) and 1£4:1 1 -26 (1 986)) studied the behavior of f foroblasts and epi- 
thelial cells in grooves in silicon, titanium-coated polymers and the like. McCartney etal. (Cancer Res.. 41:3046-3051 

25 (1981)) examined the behavior of tumor cells in grooved plastic substrates. LaCelle (Blood Cells. 12:179-189 (1986)) 
studied leukocyte and erythrocyte flow in microcapillaries to gain insight into microcirculation. Hung and Weissman 
reported a study of fluid dynamics in micromachined channels, but did not produce data associated with an analytic 
device. Hung et al., Med, and Biol. Engineering. 2:237-245 (1971); and Weissman et al., Am. Inst. Chem. Eng. J.. 
17:25-30 (1971). Columbus et al. utilized a sandwich composed of two orthogonally orientated v-grooved embossed 

30 sheets in the control of capillary flow of biological fluids to discrete ion-selective electrodes in an experimental multi- 
channel test device. Columbus et al., Clin. Chem. . 33:1531-1537 (1987). Masuda et al. and Washizu et al. have 
reported the use of a fluid flow chamber fa the manipulation of cells (e.g. cell fusion). Masuda et al., Proceedings 
IEEE/IAS Meeting , pp. 1549-1553 (1987); and Washizu et al.. Proceedings IEEE/IAS Meeting pp. 1735-1740 (1988). 
The art has not fully explored the potential of using mesoscale devices for the analyses of biological fluids and detection 

35 of microorganisms. 

The current analytical techniques utilized for the detection of microorganisms are rarely automated, usually require 
incubation in a suitable medium to increase the number of organisms, and invariably employ visual and/or chemical 
methods to identify the strain or sub-species. The inherent delay in such methods frequently necessitates medical inter- 
vention prior to definitive identification of the nature of an infection. In industrial, public health or clinical environments, 
40 such delays may have serious consequences. There is a need for convenient systems for the rapid detection of micro- 
organisms. 

An object of the invention is to provide analytical systems with optimal reaction environments thai can analyze 
microvolumes of sample, detect substances present in very low concentrations, and produce analytical results rapidly. 
Another object is to provide easily mass produced, disposable, small (e.g., less than 1 cc in volume) devices having 
45 mesoscale functional elements capable of rapid, automated analyses in a range of biological and other applications. It 
is a further object of the invention to provide a family of such devices that individually can be used to implement a range 
of rapid clinical tests, e.g., tests for bacterial contamination, virus infection, sperm motility, blood parameters, contami- 
nants in food, water, or body fluids, and the like. 

so Summary of the Invention 

The invention provides methods and devices for the analysis of a fluid sample. The device comprises a solid sub- 
strate, typically on the order of a few millimeters thick and approximately 0.2 to 2.0 centimeters square, micro-fabricated 
to define a sample inlet port and a mesoscale flow system. The mesoscale flow system includes a sample flow channel, 
55 extending from the inlet port, and a fluid handling region, in fluid communication with the flow channel. The term "mes- 
oscale" is used herein to define chambers and flow passages having cross-sectional dimensions on the order of 0.1 Jim 
to 500 jmm. The mesoscale flow channels and fluid handling regions have preferred depths on the order of 0.1 \im to 
100 \im, typically 2 - 50 *im. The channels have preferred widths on the order of 2.0 to 500 urn, more preferably 3-100 



2 



EP0 637 998 B1 



jim. For many applications, channels of 5 - 50 widths will be useful. Chambers in the substrates often will have 
larger dimensions, e.g., a few millimeters. 

In one embodiment, the device may be utilized to analyze a cell containing fluid sample, and the fluid handling 
region may comprise a cell handling region. The device may further include means for inducing flow of cells in the sam- 

5 pie through the mesoscaie flow system. The cell handling region may comprise a cell lysis means. The flow inducing 
means may be utilized to force a cell sample through the cell lysis means to rupture the cells. Means may also be pro- 
vided in the device for detecting the presence of an intracellular molecular component of a cell in the cell sample. The 
cell lysis means may comprise, e.g., sharp-edged pieces of silicon trapped within the cell handling region, or cell mem- 
brane piercing protrusions extending from a wall of the cell handling region of the mesoscaie flow system. Alternatively, 

10 a region of reduced cross-sectional area may comprise the cell lysis means. The flow system may further comprise a 
microfabricated filter for, e.g.. filtering cellular debris from the sample, prior to analysis for the presence of an intracel- 
lular analyte. 

The cell handling region may also comprise a cell capture region comprising binding sites capable of reversibly 
binding a cell surface molecule to enable the selective isolation of a cell population from a cell sample. Means may also 

15 be provided downstream of the cell capture region for determining the presence of a cell or cell surface molecule in the 
sample. In another embodiment, the cell handling region may comprise an inert barrier, such as posts extending from 
a wall of the region, to enable the sorting of cells by size. The posts also may comprise, e.g., a barrier to the flow of a 
sperm sample, to enable the assessment of sperm motility. 

Generally, as disclosed herein, the solid substrate comprises a chip containing the mesoscaie flow system. The 

20 mesoscaie flow system may be designed and fabricated from silicon and other solid substrates using established 
micromachining methods. TTie mesoscaie flow systems in the devices may be constructed by microfabricating flow 
channels and one or more fluid handling regions into the surface of the substrate, and then adhering a cover, e.g., a 
transparent glass cover, over the surface. The devices typically are designed on a scale suitable to analyze microvol- 
umes (<10 \iL) of sample, introduced into the flow system through an inlet port defined, e.g., by a hole communicating 

25 with the flow system through the substrate or the cover. The volume of the mesoscaie flow system typically will be <5 
jim, and the volume of individual channels, chambers, or other functional elements are often less than 1 urn, e.g., in the 
nL or pL range. Cells or other components present in very low concentrations (e.g., nanogram quantities) in microvol- 
umes of a sample fluid can be rapidly analyzed (e.g., <10 minutes). 

The chips typically will be used with an appliance which contains a nesting site for holding the chip, and which 

30 mates one or more input ports on the chip with one or more flow lines in the appliance. After a fluid sample, e.g., a cell- 
containing fluid sample, suspected to contain a particular cell type, or molecular component, is applied to the inlet port 
of the substrate, the chip is placed in the appliance, and a pump, e.g., in the appliance, is actuated to force the sample 
through the flow system. Alternatively, a sample may be injected into the chip by the appliance. The sample also may 
enter the flow system by capillary action. 

35 In one embodiment, the fluid handling chamber of the device may include a mesoscaie detection region, down- 
stream from the fluid handling region, for detecting the presence of an analyte in the fluid sample such as a cellular, 
intracellular, or other fluid sample component. The detection region may be constructed in accordance with USSN 
07/877,702, filed May 1, 1992 (corresponding to PCT WO 93/22053, published November 11, 1993). The appliance 
may be designed to receive electronic or spectrophotometric signals in the detection region, to indicate the presence of 

40 the preselected component in the cell sample. The presence of a cellular, intracellular or other analyte in the detection 
region may also be detected optically, e.g., through a transparent or translucent window, such as a transparent cover, 
over the detection region, or through a translucent section of the substrate itself. The appliance may inciude sensing 
equipment such as a spectrophotometer, capable of detecting the presence of a preselected analyte in the detection 
region. In one embodiment, the detection region may comprise binding moieties, capable of binding to the analyte to be 

45 detected, thereby to enhance and facilitate detection. The detection region also may comprise a fractal region, i.e., a 
region of serially bifurcating flow channels, sensitive to changes in flow properties of a fluid sample, as is disclosed in 
USSN 07/877,701 , filed May 1 , 1992 (corresponding to PCT WO 93/22054, published November 11,1 993). The device 
also may be fabricated with at least three inlet ports, in fluid communication with the flow system, provided with valves, 
e.g., in an appliance used in combination with the device, for closing and opening the ports to enable the control of fluid 

so flow through the mesoscaie flow system. 

The mesoscaie devices can be adapted to perform a wide range of biological tests. Some of the features and ben- 
efits of the devices are summarized in Table 1 . A device may include two or more separated flow systems, e.g., fed by 
a common inlet port, with different cell handling chambers in each of the systems to enable two or more analyses to be 
conducted simultaneously. The devices can be utilized to implement a range of rapid tests, e.g., to detect the presence 

55 of a cellular or intracellular component of a fluid sample. The devices may be utilized to detect, e.g., a pathogenic bac- 
teria or virus, or for cell sorting. The invention provides methods and devices for a wide range of possible analyses. 
Assays may be completed rapidly, and at the conclusion of the assay the chip can be discarded, which advantageously 
prevents contamination between samples, entombs potentially hazardous materials, and provides inexpensive, micro- 
sample analyses. 
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TABLE 1 





Feature 


Benefit 


5 


Flexibility 


No limits to the number of chip designs or applications available. 




Reproducible 


Allows reliable, standardized, mass production of chips. 


10 


Low Cost Production 


Allows competitive pricing with existing systems. Disposable nature for single- 
use processes. 


Small Size 


No bulky instrumentation required. Lends itself to portable units and systems 
designed for use in non-conventional lab environments. Minimal storage and 
shipping costs. 


15 


■viler oscaie 


Minimal sample ana reageni volumes requires, rieauces reagent costs, espe- 
cially for more expensive, specialized test procedures. Allows simplified instru- 
mentation schemes. 




Sterility 


Chips can be sterilized for use in microbiological assays and other procedures 
requiring dean environments. 


20 


Sealed System 


Minimizes biohazards. Ensures process integrity. 


25 


Multiple Circuit Capabilities 


Can perform multiple processes or analyses on a single chip. Allows panel 
assays. Multiple Expands capabilities for assay and Detector process monitoring 
to virtually any Capabilities system. Allows broad range of applications. Reuse- 
able Chips Reduces per process cost to the user for certain applications. 



30 Brief Description of the Drawings 

FIGURE 1 is a magnified plan view of a device according to the invention that includes a solid substrate 14, on 
which are machined entry ports 16, mesoscale flow channel 20, cell lysis chamber 22, and fractal region 40, with a 
transparent cover 12 adhered to the surface of the substrate. 
35 FIGURE 2 is a longitudinal cross sectional view of the device shown in Figure 1 . 

FIGURE 3 is a perspective view of the device of Figure 1 . 

FIGURE 4 is a schematic illustration of analytical device 10 nested within appliance 50, which is used to support 
the device 10 and to regulate and detect the pressure of sample fluids in device 10. 

FIGURE 5 is a cross sectional perspective view of a fluid handling region 22 on the inert substrate 14 with cell or 
40 debris filtering protrusions 26 extending from the wall of the flow channel. 

FIGURE 6 is a cross sectional view of a fluid handling region 22 on the inert substrate 14 with cell piercing protru- 
sions 24 extending from the wall of the channel. 

FIGURE 7 is a schematic top view of an analytical device 10 fabricated with a series of mesoscale chambers suit- 
able for implementing a variety of functions including cell sorting, cell lysing and PCR analysis. 
45 FIGURES 8 through 10 illustrate different embodiments of a filter microfabricated in a mesoscale flow channel 20. 

FIGURES 1 1 is schematic perspective view of an apparatus 60 used in combination with device 10 for viewing the 
contents of device 1 0. 

FIGURE 12 is a schematic cross sectional view of the apparatus 60 of Figure 1 1 . 

Like reference characters in the respective drawn figures indicate corresponding parts. 

50 

Detailed Description 

The invention provides methods and apparatus for the analysis of a fluid sample. The device comprises a solid sub- 
strate, microfabricated to define a sample inlet port and a mesoscale flow system. The mesoscale flow system com- 
55 prises a sample flow channel extending from the inlet port, and a fluid handling region in fluid communication with the 
flow channel. In one embodiment, the devices may be utilized to analyse a cell-containing fluid sample. The devices 
may be used, e.g., to detect the presence of a cellular or intracellular component in a cell sample. 

Analytical devices having mesoscale flow channels and cell handling chambers can be designed and fabricated in 
large quantities from a solid substrate material. They can be sterilized easily. Silicon is a preferred substrate material 
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because of the well-developed technology permitting its precise and efficient fabrication, but other materials may be 
used, including polymers such as polytetrafluoroethylenes. The sample inlet port and other ports, the mesoscale flow 
system, including the sample flow channels) and the fluid handling region(s), and other functional elements, may be 
fabricated inexpensively in large quantities from a silicon substrate by any of a variety of micromachining methods 

5 known to those skilled in the art. The micromachining methods available include film deposition processes such as spin 
coating and chemical vapor deposition, laser fabrication or photolithographic techniques such as UV or X-ray proc- 
esses, or etching methods which may be performed by either wet chemical processes or plasma processes. (See, e.g., 
Manz et al., Trends in Analytical Chemistry Ifl: 144-149 (1991)). 

Flow channels of varying widths and depths can be fabricated with mesoscale dimensions. The silicon substrate 

io containing a fabricated mesoscale flow channel may be covered and sealed with a thin anodically bonded glass cover. 
Other dear or opaque cover materials may be used. Alternatively, two silicon substrates can be sandwiched, or a silicon 
substrate can be sandwiched between two glass covers. The use of a transparent cover results in a window which facil- 
itates dynamic viewing of the channel contents, and allows optical probing of the mesoscale flow system either visually 
or by machine. Other fabrication approaches may be used. 

is The capacity of the devices is very small, and therefore the amount of sample fluid required for an analysis is low. 
For example, in a 1 cm x 1 cm silicon substrate, having on its surface an array of 500 grooves which are 10 microns 
wide x 1 0 microns deep x 1 cm (1 0 4 microns) long, the volume of each groove is 1 0" 3 \iL and the total volume of the 500 
grooves is 0.5 \xL. The low volume of the mesoscale flow systems allows assays to be performed on very small amounts 
of a liquid sample (<5 The mesoscale flow systems of the devices may be microfabricated with microliter volumes 

20 or alternatively nanolrter volumes or less, which advantageously limits the amount of sample and/or reagent fluids 
required for the assay. In one embodiment, electron micrographs of biological structures such as circulatory networks 
may be used as masks for fabricating mesoscale flow systems on the substrate. Mesoscale flow systems may be fab- 
ricated in a range of sizes and conformations. 

In one embodiment, the devices may be utilized to analyze a cell -containing fluid sample. The fluid handling region 

25 may comprise, in one embodiment, a cell lysing means, to allow cells in a fluid sample to be lysed prior to analysis for 
an intracellular molecule such as an mRNA or DNA molecule. As illustrated in Figure 6, the cell lysing means may com- 
prise cell membrane piercing protrusions 24, extending from a surface of cell handling region 22. The device may 
include means, such as a pump for inducing flow through the flow system. As fluid flow is forced through the piercing 
protrusions 24, cells are ruptured. Cell debris may be filtered off using a filter microfabricated in the flow system down- 

30 stream from the cell lysis means. The cell lysis region may also comprise sharp edged particles, e.g., fabricated from 
silicon, trapped within the cell handling region. In addition, the cell lysis means may comprise a region of restricted 
cross-sectional dimension, which implements cell lysis upon application of sufficient flow pressure. In another embodi- 
ment, the cell lysis means may comprise a cell lysing agent. 

The devices may include a mesoscale detection region microfabricated in the mesoscale flow system, in fluid com- 

35 munication with a cell lysis region, comprising binding moieties capable of binding to a selected intracellular molecular 
component in the cell sample. Binding moieties may be introduced into the detection region via an inlet port in fluid com- 
munication with the detection region. Alternatively, binding moieties may be immobilized in the detection region either 
by physical absorption onto the channel surfaces, or by covalent attachment to the channel surfaces, or to solid phase 
reactarrt such as a polymeric bead. Techniques available in the art may be utilized for the chemical activation of sila- 

40 ceous surfaces, and the subsequent attachment of a binding moiety to the surfaces. (See, e.g., Haller in: Solid Phase 
Biochemistry. W.H. Scouten, Ed., John Wiley, New York, pp 535-597 (1983); and Mandenius et aL, Anal. Biochem .. 
1£7:106-1 14(1984), and Anal. Biochem .. 170:68-72 (1988)). 

The binding moiety in the detection region may comprise, e.g., an antigen binding protein, a DNA probe, or one of 
a (igand/receptor pair, to enable the detection of a preselected cellular, intracellular, or other analyte, such as an anti- 

45 gen, a polynucleotide or a celt surface molecule. The binding assays available in the art which may be utilized in the 
detection region include immunoassays, enzymatic assays, liganoVbinder assays and DNA hybridization assays. The 
detection of a particular intracellular analyte may be implemented by the selection of an appropriate binding moiety in 
detection region. The detection region may be fabricated according to methods disclosed in USSN 07/877,702, filed 
May 1, 1992 (corresponding to PCT WO 93/22053, published November 11, 1993). 

so The mesoscale detection region may also comprise a region sensitive to changes in flow properties induced by the 
presence of a preselected cellular, intracellular or other analyte in the fluid sample. The flow sensitive region may com- 
prise, e.g. , a fractal region, comprising bifurcations leading to plural secondary flow channels. The flow sensitive region, 
e.g., the fractal region, may be constructed in accordance with the copending related application U.S. Serial No. [Attor- 
ney Docket No. UPA002 (8261/3)], Analysis Based on Flow Restriction. 

55 The devices may comprise a plurality of fluid handling regions to enable, e.g., the detection of a preselected intra- 
cellular or cell surface moiety in a cell -containing fluid sample. In one embodiment, the mesoscale flow system may be 
microfabricated with a cell lysis means, a filter for filtering cell debris, and a detection region. The filter may be micro- 
fabricated in the flow system between the cell lysis means and the detection region to enable the removal of the lysed 
cell membrane and other, cell debris components from the sample, prior to detection of an intracellular analyte in the 
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detection region. Filters which may be microfabricated in the flow system include the filters shown in Figures 8 through 

10. In the device 10, shown in Figures 8 through 10, the filter 80 is microfabricated between the flow channels 20A and 
20B allowing sample fluid in channel 20A to pass through the filter. The filtrate exits through the filter into channel 20B, 
prior to subsequent downstream analysis in, e.g., a mesoscale detection region. The filter is a mesoscale flow channel 
of reduced diameter in comparison with channel 20, microfabricated with depths and widths on the order of 0.1 to 20 
\im. In contrast, the flow channels 20A and 20B have increased widths and depths on the order of a maximum of 
approximately 500 urn. The smaller diameter of fitter 80 allows the filtration of sheared cell membranes and other cell 
debris from the sample. Other filter means may be utilized, such as the posts 26 extending from a wall of the flow chan- 
nel 20 shown in Figure 5. 

The presence of an analyte in the detection region can be detected by any of a number of methods including mon- 
itoring the pressure or electrical conductivity of sample fluids in selected regions of the flow system in the device, or by 
optical detection through a transparent cover or a translucent section of the substrate itself, either visually or by 
machine. The detection of an analyte in the detection region may be implemented as is disclosed in the copending 
related applications USSN 07/877,702, filed May 1. 1992 (corresponding to PCT WO 93/22053, published November 

11, 1993), and USSN 07/877,701, filed May 1, 1992 (corresponding to PCT WO 93/22054, published November 11, 
1993). Devices such as valves, mesoscale pressure sensors, and other mechanical sensors can be fabricated directly 
on the silicon substrate and can be mass-produced according to established technologies. Angell et al., Scientific 
American. 248:44-55 (1983). Pressure sensors and other detection means also may be provided in an appliance uti- 
lized in combination with the device. 

In another embodiment, the fluid handling region may comprise a cell capture region for separating a preselected 
cell population from a cell-containing fluid sample, to enable the downstream analysis of a macromolecule on or within 
the cells, or of a component in the extracellular fluid. The cell capture region may comprise binding moieties capable of 
reversibly binding a target cell via a characteristic cell surface molecule such as protein. In one embodiment, the cell 
capture region may be utilized to isolate a preselected cell population from a cell containing fluid sample. In this embod- 
iment, the device is provided with means for inducing flow of the sample through the flow system, such as a pump. At 
a low flow pressure, the cells bind to the binding moieties in the cell capture region. Flow is then continued to wash the 
cells, e.g., with a flow of buffer. At higher flow rates and pressures, the washed cells are released from the separation 
region and move downstream for analysis in, e.g., a mesoscale detection region. In another embodiment, the cells 
remain immobilized while extracellular fluid fluid flows downstream and is analyzed in, e.g., a mesoscale detection 
region. The bound cells may also be removed from the cell capture region by flowing a specific solvent through the flow 
system, capable of desorbing the cells from the wall of the cell capture region. 

The binding moiety, capable of binding the cells in the cell capture region, e.g., via a cell surface molecule, may be 
immobilized on the surface of the mesoscale flow channels by physical absorption onto the channel surfaces, or by 
chemical activation of the surface and subsequent attachment of biomolecules to the activated surface. Techniques 
available in the art may be utilized for the chemical activation of silaceous channel surfaces, and for the subsequent 
attachment of a binding moiety to the surfaces. (See, e.g., Haller in: Solid Phase Biochemistry. W.H. Scouten, Ed., John 
Wiley, New York, pp. 535-597 (1983); and Mandenius et al., Anal. Biochem. . 137:106-114 (1984), and Anal. Biochem.. 
170:68-72 (1988)). The binding moiety may be provided within the cell capture region of the mesoscale flow system, as 
disclosed in USSN 07/877,702, filed May 1, 1992 (corresponding to PCT WO 93/22053, published November 11, 
1993). The capture of a particular cell type can be implemented by selecting the appropriate binding moiety. 

As illustrated in Figure 5, the cell handling region 22 may comprise protrusions 26 constituting a cellular sieve for 
separating cells by size. As cell samples are flowed, typically under low pressure, through the flow channel, only cells 
capable of passing between the protrusions 26 are permitted to flow through in the flow channel. 

The devices may comprise several different cell handling regions in the mesoscale flow system of one device. In 
one embodiment, illustrated schematically in Figures 1 , 2 and 3, the device 10 may include a silicon substrate 14 micro- 
fabricated with a mesoscale flow channel 20, cell lysis chamber 22, and the fractal detection region 40. The device may 
be utilized to detect the presence of a preselected intracellular component of a cell sample. The cell lysis chamber 22 
is provided with cell membrane piercing protrusions 24. Sample fluid may be added to the flow system through inlet 
16A. A pump in the device then may be used to force a cell sample through flow channel 20A to the cell lysis chamber 
22. The lysed cell sample is then filtered through filter 28 and flows through the fractal detection region 40 towards port 
16B. The substrate 14 is covered with a glass or plastic window 12. The presence of an intracellular analyte is indicated 
by the detection, e.g., optically, of flow restriction in the fractal detection region 40, induced by the particular intracellular 
analyte. The fractal region may include binding moieties, capable of binding to the analyte, to enhance flow restriction 
in the fractal region 40. 

The analytical devices containing the mesoscale flow system can be used in combination with an appliance for 
delivering and receiving fluids to and from the devices, such as appliance 50, shown schematically in Figure 4, which 
incorporates a nesting site 58 for holding the device 10, and for registering ports, e.g., ports 16 on the device 10. with 
a flow line 56 in the appliance. The appliance may include means, such as a pump, for forcing the cell containing sample 
into a cell lysis means to cause cell lysis upon application of sufficient flow pressure. After a cell containing fluid sample 
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suspected to contain a particular cellular analyte is applied to the inlet port 51 of the appliance, pump 52 is actuated to 
force the sample through the flow system 20 of device 10. Alternatively, depending on the analytical device in use, the 
sample may be injected into the device, or may enter the flow system simply by capillary action. In one embodiment, 
the flow systems of the devices may be filled to a hyd radically full volume and the appliance may be utilized to direct 

5 fluid flow through the flow system. 

The analytical devices also may be utilized in combination with an appliance for viewing the contents of the mes- 
oscale channels in the devices. The appliance in one embodiment may comprise a microscope for viewing the contents 
of the mesoscale channels in the devices. In another embodiment, a camera may be included in the appliance, as illus- 
trated in the appliance 60 shown schematically in Figures 1 1 and 12. The appliance 60 is provided with a housing 62, 

w a viewing screen 64 and a slot 66 for inserting a chip into the appliance. As shown in cross section in Figure 12, the 
appliance 60 also includes a video camera 68, an optical system 70, and a tilt mechanism 72, for holding device 10, 
and allowing the placement and angle of device 10 to be adjusted manually. The optical system 70 may include a lens 
system for magnifying the channel contents as well as a light source. The video camera 68 and screen 64 allow analyte 
induced changes in sample fluid properties, such as flow properties or color, to be monitored visually, and optionally 

15 recorded using the appliance. 

The devices of the invention may be utilized to implement a variety of automated, sensitive and rapid analyses of a 
fluid sample. The device may be fabricated with a series of fluid handling regions in one flow system to enable the rapid 
efficient multistep analysis of a fluid cell containing sample on a microvolume scale. The devices may also include two 
or more separated flow systems, e.g., with a common inlet port, wherein one flow system is adapted as a control, such 

20 that data obtained during an analysis can be compared with data from the control flow system. A range of analyses thus 
may be implemented in one device. 

In one embodiment, the device of the invention may comprise three or more inlet ports and a branching flow chan- 
nel in fluid communication with the ports. The device may be provided with valves, e.g.. in the appliance, for opening 
and closing the ports, to control the flow of fluid through the flow system. As illustrated in the device 10, shown sche- 

25 matically in Figure 7, ports 16A, 16B, 16C and 16D may be independently opened or closed, by means of valves in, 
e.g., an appliance used in combination with the device, to allow fluid in the flow system to be directed, e.g., out via port 
16 or, alternatively, to the fractal detection region 40 and port 16D. 

The invention will be understood further from the following nonlimiting examples. 

30 Example 1 

A channel containing a barrier 26 with 7\im gaps (illustrated in cross section in Figure 5) is filled with HTF-BSA 
medium and a semen sample applied at the entry hole. The progression of the sperm through the barrier serves as an 
indicator of sperm motility, and is compared with a control sample. 

35 

Example 2 

Figure 7 depicts schematically a device 10 including substrate 14 used to separate and detect a nucleic acid from 
a subpopulation of cells in a mixture in a biological fluid sample. Microfabricated on device 10 is a mesoscale flow path 

40 20 which includes a cell separation chamber 22A, a cell lysis chamber 22B, a filter region 28, a polymerase chain reac- 
tion (PCR) chamber comprising sections 22C and 22D, and a fractal detection region 40. The mesoscale flow system 
20 is also provided with fluid entry/exit ports 16A, 16B, 16C and 16D. The device is used in combination with an appli- 
ance, such as appliance 50, shown in Figure 4. The appliance is provided with fluid paths mated to ports 16 in the 
device, and valves allowing the ports 16 to be mechanically closed and opened. The appliance also includes pump 52 

45 for regulating the flow of sample fluid through the device. The appliance further includes means for heating the PCR 
reaction chamber sections 22C and 22D in the device. 

Initially, valves in the appliance are used to close ports 16C and 16D, while ports 16A and 16B are open. A sample 
containing a mixture of cells is directed to the sample inlet port 1 6A by the pump 52 in the appliance, and flows through 
the mesoscale flow path 20 to separation chamber 22 A. Chamber 22A contains binding moieties immobilized on the 

so wall of the chamber which selectively bind to a surface molecule on a desired type of cell in the sample. Remaining cel- 
lular components exit the substrate via port 16B. After binding of the desired cell population in chamber 22A, flow with 
buffer is continued, to wash and assure isolation of the cell population. Next port 16B is closed and 16C is opened. Flow 
is then increased sufficiently to dislodge the immobilized cells. Flow is continued, forcing cells through membrane pierc- 
ing protrusions 24 in chamber 22 B, which tear open the cells releasing intracellular material. 

55 Sample flow continues past filter 28, which filters off large cellular membrane components and other debris, to mes- 
oscale PCR chamber section 22C, which is connected to PCR chamber section 22D by flow channel 20B. Taq polymer- 
ase, primers and other reagents required for the PCR assay next are added to section 22D through port 16C from a 
mated port and flow path in the appliance, permitting mixing of the intracellular soluble components from the separated 
subpopulation of cells and the PCR reagents. With port 16A closed, a pump in the appliance connected via port 16B is 
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used to cycle the PCR sample and reagents through flow channel 20 B between sections 22C and 22 D, set at 94°C and 
65°C respectively, to implement plural polynucleotide melting and polymerization cycles, allowing the amplification of 
product polynucleotide. The mesoscale PCR analysis is performed in accordance with methods disclosed in USSN 
07/877,662, filed May 1, 1992 (corresponding to PCT WO 93/22058, published November 11, 1993). 
5 The valves in the appliance next are used to close port 16C and to open port 16D. The pump in the appliance con- 
nected to port 16B is then used to direct the amplified polynucleotide isolated from the cell population to the fractal 
detection region 40. Flow restriction in the fractal region 40 serves as a positive indicator of the presence of amplified 
polynucleotide product and is detected optically through a glass cover disposed over the detection region. 

w Claims 

1 . A device for analyzing a fluid, cell-containing sample, the device comprising: 
a solid substrate microfabricated to define: 
a sample inlet port; and 

is a mesoscale flow system defined by chambers and flow passages having cross-sectional dimensions of 

about 0.1-500 nm wherein chambers in the substrate can also have larger dimensions of a few millimetres, the 
mesoscale flow system comprising: 

a sample flow channel extending from said inlet port; and 

a cell handling region for treating cells disposed in fluid communication with said flow channel, said cell han- 
20 dling region comprising a cell lysing structure; 

means for inducing flow of cells in said sample through said mesoscale flow channel and said cell handling 
region to force cells in said sample into contact with said cell lysing structure, thereby to lyse cells in said sample; 
and means downstream of said cell lysis structure for detecting an analyte in said lysed cell sample. 

25 2. The device according to claim 1 wherein said cell lysing structure comprises: 

(a) a portion of the flow channel having cell membrane piercing protrusions extending from the wall thereof; or, 

(b) sharp edged particles trapped within said cell handling region; or, 

(c) a region of restricted cross-sectional dimension sufficient to permit the passage of intracellular molecules 
30 while prohibiting the passage of cells. 

3. The device of claim 1 or claim 2 wherein said means for detecting comprises means downstream of said cell lysing 
structure for detecting the presence of an intracellular molecular component of a cell in said sample. 

35 4. The device of any one of claims 1 to 3 further comprising means disposed downstream of said cell lysing structure 
for collecting insoluble cellular debris. 

5. The device of any one of the preceding claims further comprising a filter means disposed downstream of said cell 
lysing structure. 

40 

6. The device of any one of the preceding claims wherein said cell handling region further comprises a cell capture 
region comprising immobilized binding sites which reversibly bind a preselected ceii surface molecule of a ceil pop- 
ulation in a cell-containing fluid sample; and 

wherein said means for inducing flow comprises means for inducing flow of said cell -containing sample: 
45 at a first flow rate sufficiently slow to permit capture of cells in said cell population by said binding sites, 

thereby to separate said cell population from said sample; and 

at a second flow rate, higher than said first flow rate, and sufficient to release said separated cells from said 
capture region, and to deliver said separated cells to said cell lysing structure. 

so 7. The device of any one of the preceding claims wherein said detecting means comprises means downstream of said 
cell capture region for determining the presence of an extracellular component of said sample. 

8. The device of any one of claims 1 to 6 wherein said detecting means comprises means for detecting the presence 
of an intracellular component in said captured cells. 

55 

9. The device of claim 8 further comprising filter means, disposed between said cell -lysing means and said detection 
means, for filtering cellular debris from said sample. 

10. The device of claim 9 further comprising a sump for collecting insoluble debris disposed adjacent said filter. 
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11. The device of any one of the preceding claims wherein said cell handling structure further comprises a cell sieve 
comprising means defining a plurality of flow passages of restricted size allowing only cells of a sufficiently small 
diameter to pass there through. 

12. The device of any one of the preceding claims wherein said substrate comprises microfabricated silicon. 

13. The device of any one of the preceding claims further comprising an appliance for use in combination with said sub- 
strate, said appliance comprising: 

means for holding said substrate; and 

fluid input means interlining with an inlet port on said substrate; and 

wherein said means for inducing flow comprises pump means, disposed in said appliance, for passing fluid 
through the flow system of said substrate when it is held in said holding means. 

14. The device of any one of the preceding claims wherein said means for detecting comprises an appliance for use in 
combination with said substrate, said appliance comprising: 

means for holding said substrate; and 

optical means for viewing the contents of said mesoscale flow system in said substrate. 

15. The device of claim 14, wherein said optical means comprises magnifying optics and a video camera, and wherein 
said appliance further comprises: 

a tilt mechanism for manually adjusting the angle and location of the device; and 
a video screen for viewing the contents of said flow system. 

16. The device of any one of the preceding claims wherein said mesoscale flow system further comprises: 

a branching channel in fluid communication with said flow channel; and 

at least two additional ports communicating between said flow channel and said branching channel, respec- 
tively, and the exterior of said flow system; and 

wherein said device further comprises valve means for directing flow through said flow system to a selected 
one of said additional ports. 

17. The device of claim 16 further comprising an appliance for use in combination with said substrate, said appliance 
comprising: 

means for holding said substrate; 

fluid flow channels interf itting with at least two of said ports when said substrate is held in said holding 
means; and 

wherein said means for inducing flow comprises pump means disposed within said appliance in fluid com- 
munication with said inlet ports for inducing flow within said flow system. 

18. The device of claim 16 or claim 17 wherein said valve means is disposed within said appliance. 

19. The device of any one of the preceding claims wherein said detecting means comprises: 

at least two analyte detection regions in said flow system, in fluid communication with said cell handling 
structure, one of said detection regions being adapted to analyze a sample, the other being adapted as a control; 
and 

wherein said means for inducing flow comprises means for inducing flow of a sample through said cell han- 
dling structure and then to both said detection regions, thereby to permit comparison of data from the detection 
regions. 

20. The device of any one of the preceding claims wherein said detecting means comprises a detection region within 
said mesoscale flow system for optically or electrically gathering data indicative of the presence or concentration 
of an analyte in a sample contained within said flow system. 

21. A device for analyzing a fluid, cell-containing sample, the device comprising: 

a solid substrate microfabricated to define: 
a sample inlet port; and 

a mesoscale flow system defined by chambers and flow passages having cross-sectional dimensions of 
about 0.1-500 \im wherein chambers in the substrate can also have larger dimensions of a few millimetres, the 
mesoscale flow system comprising: 

a sample flow channel extending from said inlet port; and 
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a ceil handling region for treating cells disposed in fluid communication with said flow channel, said cell han- 
dling region comprising a cell lysing agent; 

means for inducing flow of cells in a sample through said mesoscale flow channel and said cell handling 
region to force cells in said sample into contact with said cell lysing agent, thereby to lyse cells in said sample; and 

means downstream of said cell handling region for detecting an analyte in said lysed cell sample. 

22. A method of separating a target subpopulation of cells in a cell-containing liquid sample comprising the steps of: 

(A) providing a mesoscale sample flow passage having cross-sectional dimensions of about 0.1 to 500 urn, 
and comprising a solid wall having immobilized thereon a binding protein specific for a cell membrane-bound 
protein characteristic of said target population; 

(B) passing a cell-containing liquid sample through said passage under conditions to permit capture of mem- 
bers of the cell target subpopulation by reversible cell surface protein-immobilized protein binding, while per- 
mitting other cells to pass therethrough; and 

(C) changing the conditions in said flow passage to release said target subpopulation of cells. 

23. The method of claim 22 wherein said flow rate of fluid in said flow passage is increased in step C to shear cells off 
said solid wall. 

24. The method of claim 22 wherein step C is conducted by introducing a solvent in said flow channel which desorbs 
said cells from said solid wall. 

Patentanspruche 

1 . Vorrichtung zum Analysieren einer flussigen, zellenhaitigen Probe, wobei die Vorrichtung umfaBt: 
ein testes Substrat, das mikrogenau so hergestellt ist, daB es definiert: 

eine ProbeneinlaBGffnung; und 

ein Durchf luBsy stem mit Mesoscale-MaBstab, das durch Kammern und Durchf luBdurchgange mit Querschnittsab- 
messungen von etwa 0,1 bis 500 \xm definiert ist, worin Kammern im Substrat auch grGBere Abmessungen von 
einigen Millimetern haben kOnnen, wobei das Durchf luGsyst em im Mesoscale-MaBstab umfaBt: 
einen Probendurchf luBkanal, der sich von der EinlaBofnung weg erstreckl; und 

einen Zellenbehandlungsbereich zur Behandlung von Zellen, der in Flussigkommunikation mit dem Durchf luBkanal 
angeordnet ist, wobei der Zellenbehandlungsbereich eine Zell-Lyse-Struktur umfaBt; 

Mittel zum Induzieren einer ZellenstrOmung in einer Probe durch den Durchf luBkanal im Mesoscale-MaBstab und 
den Zellenbehandlungsbereich, urn Zellen in der Probe in Kontakl mit der Zell-Lyse-Struktur zu drangen und 
dadurch Zellen in der Probe zu lysieren; und 

stromabwarts von der Zell-Lyse-Struktur angeordnete Mittel zum Detektieren eines Analyten in der lysierten Zell- 
probe. 

2. Vorrichtung nach Anspruch 1 , worin die Zell-Lyse-Struktur umfaBt: 

(a) einen Abschnitt des DurchffuBkanals mit zelhnembran-durchstoBenden Vorsprungen, die sich von seiner 
Wand weg erstrecken; und 

(b) scharfkantige Teilchen, die innerhalb des Zellbehandlungsbereichs eingeschlossen sind; Oder 

(c) einen Bereich mit eingeschranktem Querschnitt, der ausreicht, urn das Hindurchtreten intrazelluiarer Mole- 
kule zu ermoglichen, wShrend das Hindurchtreten von Zellen verhindert wird. 

3. Vorrichtung nach Anspruch 1 oder 2, worin das Detektionsmittel stromabwarts von der Zell-Lyse-Struktur bef indli- 
che Mittel zum Nachweis der Gegenwart einer intrazelluldren, molekularen Komponente einer Zelle in der Probe 
umfaBt. 

4. Vorrichtung nach einem der Anspruche 1 bis 3, die weiters stromabwarts von der Zell-Lyse-Struktur angeordnete 
Mittel zum Sammeln unloslicher Zellbruchstucke umfaBt. 

5. Vorrichtung nach einem der vorangegangenen AnsprOche, die weiters ein stromabwarts von der Zell-Lyse-Struktur 
angeordnetes Filtermittel umfaBt. 
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6. Vorrichtung nach einem der vorangegangenen Anspruche, worin der Zellenbehandlungsbereich weiters einen Zell- 
einfangbereich umfaBt, der immobilisierte Bindungstellen umfaBt, die ein vorgewahrtes Zelloberflachenmolekul 
einer Zellpopulation in einer zelienhaltigen, flOssigen Probe reversibel binden; und 

worin das RuBinduktionsmittel Mittel zum Herbeifuhren des Flusses der zelienhaltigen Probe umfaBt: 

mit einer ersten RuBrate, die ausreichend langsam ist, um das Einfangen von Zellen in der Zellpopulation durch 

die Bindungsstellen zu ermoglichen, wodurch die Zellpopulation von der Probe abgetrennt wird; und 

mit einer zweiten FluBrate, die hoher ist als die erste RuBrate und ausreicht, um die abgetrennten Zellen aus dem 

Einfangbereich freizusetzen und die abgetrennten Zellen an die Zell-Lyse-Struktur weiterzulerten. 

7. Vorrichtung nach einem der vorangegangenen Anspruche, worin das Detektionsmittel stromabwarts vom Zell ein- 
fangbereich befindliche Mittel zum Nachwets der Gegenwart einer extrazelluiaren Komponente der Probe umfaBt. 

8. Vorrichtung nach einem der Anspruche 1 bis 6, worin das Detektionsmittel Mittel zum Nachweis der Gegenwart 
einer intrazelluldren Komponente in den eingefangenen Zellen umfaBt. 

9. Vorrichtung nach Anspruch 8, die weiters zwischen dem Zell-Lyse-Mittel und dem Detektionsmittel angeordnete 
Filtermittel zum Abf iltrieren von ZellbruchstOcken aus der Probe umfaBt. 

10. Vorrichtung nach Anspruch 9, die weiters einen angrenzend an den Filter angeordneten Sumpf zum Sammeln 
unloslicher Bruchstucke umfaBt. 

11. Vorrichtung nach einem der vorangegangenen Anspruche, worin die Zellbehandlungsstruktur weiters ein Zellen- 
sieb umfaBt, das Mittel umfaBt, die eine Vielzahl an Durchf luBdurchgangen mit eingeschrankter GrOBe definieren, 
welche nur Zellen mit einem ausreichend Weinen Durchmesser passieren lassen. 

12. Vorrichtung nach einem der vorangegangenen Anspruche, worin das Substrat mikrogenau hergestelltes Silizium 
umfaBt. 

13. Vorrichtung nach einem der vorangegangenen Anspruche, die weiters eine Vorrichtung zur Verwendung in Kombi- 
nation mit denn Substrat umfaBt, wobei die Vorrichtung umfaBt: 

Mittel zum Halten des Substrats; und 

Russigkertszufuhrmittel, die an eine EinlaGoffnung des Substrats angepaBt sind; und 

worin das RuBinduktionsmittel in der Vorrichtung angeordnete Pumpmittel zum Hindurchschicken von Flussigkeit 
durch das DurchfluBsystem des Substrats umfaBt, wenn diese im Haltemittel gehalten wird. 

14. Vorrichtung nach einem der vorangegangenen Anspruche, worin das Detektionsmittel eine Vorrichtung zur Ver- 
wendung in Kombination mit dem Substrat umfaBt, wobei die Vorrichtung umfaBt: 

Mittel zum Halten des Substrats; und 

optische Mittel zum Betrachten des Enhalts des Durchf luBsystems mit Mesoscate-MaRstab im Substrat. 

15. Vorrichtung nach Anspruch 14, worin das optische Mittel eine VergrOBerungsoptik und eine Videokamera umfaBt 
und worin die Vorrichtung weiters umfaBt: 

einen Kippmechanismus zum manuellen Einstellen des Winkels und der Position der Vorrichtung; und 
einen Videobildschirm zum Betrachten des Inharts des Durchf luBsystems. 

16. Vorrichtung nach einem der vorangegangenen Anspruche, worin das DurchfluBsystem mit Mesoscale-MaBstab 
weiters umfaBt: 

eine in Flussigkommunikation mit dem Durchf luBkanal stehende Kanalverzweigung; und 

zumindest zwei zusatzliche Offnungen, die mit den, Durchf luBkanal bzw. der Kanalverzweigung und dem AuBen- 

raum des Durchf luBkanals kommunizieren; und 

worin die Vorrichtung weiters Verrtilmittel umfaBt, uni den FluB durch das DurchfluBsystem hindurch zu einer 
gewShften zusdtzlichen Offnung hin zu fOhren. 

17. Vorrichtung nach Anspruch 16, die weiters eine Vorrichtung zur Verwendung in Kombination mit dem Substrat 
umfaBt, wobei die Vorrichtung umfaBt: 

Mittel zum Halten des Substrats; 

FlussigkeitsfluBkanale. die an zumindest zwei der Offnungen angepaBt sind, wenn das Substrats im Haltemittel 
gehalten wird; und 
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worin das FluBinduktionsmittel Pumpmittel umfaBt, die innerhalb der Vorrichtung in Flussigkommunikation mitden 
EinlaBoffnungen angeordnet sind, uni innerhalb des DurchfluBsystems eine Stromung zu induzierea 

18. Vorrichtung nach Anspruch 16 Oder 17, worin das Ventilmittel innerhalb der Vorrichtung angeordnet ist. 

5 

19. Vorrichtung nach einem der vorangegangenen Anspruche, worin das Detektionsmittel umfaBt: 

zumindest zwei Analyten-Detektionsbereiche im DurchfluBsystem in Flussigkommunikation mitder Zellenbehand- 
lungsstruktur, wobei einer der Detektionsbereiche dazu ausgebildet ist, eine Probe zu analysieren, und der andere 
als Vergleich vorgesehen ist; und 
w worin das FluBinduktionsmittel Mittel zum Herbeifuhren des Flusses einer Probe durch die Zellenbehandlungs- 
struktur hindurch und dann zu den beiden Detektionsbereichen hin umfaBt, wodurch ein Vergleich der Daten aus 
den Detektionsbereichen moglich wird. 

20. Vorrichtung nach einem der vorangegangenen Anspruche, worin das Detektionsmittel einen Detektionsbereich 
15 innerhalb des DurchfluBsystems mit Mesoscale-MaBstab zur optischen oder elektrischen Datenerfassung umfaBt, 

die AufschluB Ober die Gegenwart Oder die Konzentration eines Analyten in einer innerhalb des DurchfluBsystems 
enthaltenen Probe geben. 

21. Vorrichtung zum Analysieren einer flussigen, zellenhaitigen Probe, wobei die Vorrichtung umfaBt: 
20 ein testes Substrat, das mikrogenau so hergestetlt ist, daB es definiert: 

eine ProbeneinlaBOffnung; und 

ein DurchfluBsystem mit Mesoscale-MaBstab, das durch Kammern und DurchfluBdurchgange mit Guerschnittsab- 
messungen von etwa 0,1 bis 500 urn definiert ist, worin Kammern im Substrat auch grOBere Abmessungen von 
einigen Millimeter n haben konnen, wobei das DurchfluBsystem mit Mesoscale-MaBstab umfaBt: 
25 einen ProbendurchfluBkanal, der sich von der EinlaBCffnung weg erstreckt; und 

einen Zellenbehandlungsbereich zur Behandlung von Zellen, der in Flussigkommuntkation mrtdem DurchfluBkanal 
angeordnet ist, wobei der Zellenbehandlungsbereich eine Zell-Lyse-Struktur umfaBt; 

Mittel zum Herbeifuhren des Flusses von Zellen in einer Probe durch den DurchfluBkanal mit Mesoscale-MaBstab 
und den Zellenbehandlungsbereich, urn Zellen in der Probe in Kontakt mit dem Zell-Lyse-Mittel zu drangen und 
30 dadurch Zellen in der Probe zu tysieren; und 

stromabwarts vom Zellenbehandlungsbereich angeordnete Mittel zum Detektieren eines Analyten in der lysierten 
Zellprobe. 

22. Verfahren zum Abtrennen einer Ziel-Subpopulation von Zellen in einer zellenhaitigen, flussigen Probe, folgende 
35 Schritte umfassend: 

(A) das Bereitstellen eines Probenf luBdurchgangs mit Mesoscale-MaBstab mit Querschnittsabmessungen von 
etwa 0,1 bis 500 pm, der eine teste Wand umfaBt, auf der ein Bindeprotein immobilisiert ist, das fur ein an die 
Zellmembran gebundenes Protein, welches fur die Zielpopulation charakteristisch ist spezifisch ist; 

40 

(B) das Hirtdurchschicken einer zellenhaitigen, flussigen Probe durch den Durchgang unter Bedingungen, die 
das Einfangen von Vertretern der Ziel-Zellsubpopulation durch reversible Bindung des Proteins an immobili- 
siertes Zelloberflachenprotein, wahrend andere Zellen hindurchgehen k&nnen; und 

45 (C) das Andern der Bedingungen im FluBdurchgang, urn die Ziel-Subpopulation der Zellen freizusetzen, 

ermoglichen. 

23. Verfahren nach Anspruch 22, worin in Schritt C die FluBrate der Flussigkeit im FluBdurchgang erhCht wird, urn die 
Zellen von der festen Wand abzuscheren. 

50 

24. Verfahren nach Anspruch 22, worin Schritt C durchgefuhrt wird, indem ein Losungsmittel in den DurchfluBkanal 
eingebracht wird, das die Zellen von der festen Wand desorbiert. 

Revendications 

55 

1 . Dispositif pour analyser un echantillon contenant des cellules, f luide, le dispositrf comprenant : 
un substrat soltde microfabrique pour def inir : 
un orifice dentree d'echantillon, et 

un systeme d'ecoulement a echelle intermediaire def ini par des chambres et des passages d'ecoulement ayant 
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des dimensions en section transversale d'environ 0,1 a 500 \im ou les chambres dans le substrat peuverrt egale- 
merrt avoir des dimensions plus grandes de quelques millimetres, le systeme d'ecoulement a echelle intermediaire 
comprenant : 

un canal d'ecoulement d'echantillon s'etendant a parti r dudit orifice d'entree; 

5 une region de manipulation des cellules pour traiter les cellules disposees en communication de f luide avec 

ledit canal d'ecoulement, ladite region de manipulation des cellules comprenant une structure de lyse des cellules; 
un moyen pour induire recoupment des cellules dans I'echantillon a travers ledit canal d'ecoulement a echelle 
intermediaire et ladite region de manipulation des cellules pour forcer les cellules dans ledit echantillon en contact 
avec ladite structure de lyse des cellules, pour ainsi lyser les cellules dans ledit echantillon; et 

w un moyen en aval de ladite structure de lyse de cellules pour detecter un analyte dans ledit echantillon de cellules 
lysees. 

2. Dispositif selon la revendication 1 dans lequel ladite structure de lyse des cellules comprend : 

is (a) une portion du canal d'ecoulement ayant des protuberances percant la membrane des cellules s'etendant 

a partir de la paroi de celui-ci; ou 

(b) des parti cu les a bords aigus piegees dans ladite region de maintien des cellules; ou, 

20 (c) une region d'une dimension en section transversale restreinte suffisante pour permettre le passage des 

molecules intracellutaires tout en empechant le passage des cellules. . 

3. Dispositif selon la revendication 1 ou la revendication 2 dans lequel ledit moyen de detection comprend un moyen 
en aval de ladite structure de lyse des cellules pour detecter la presence d'un composant moleculaire intracellulaire 

25 d'une cellule dans ledit echantillon. 

4. Dispositif selon Tune quelconque des revendications 1 a 3 comprenant de plus un moyen dispose en aval de ladite 
structure de lyse de cellules pour collecter les debris eel lu lair es insolubles. 

30 5. Dispositif selon Tune quelconque des revendications precedentes comprenant de plus un moyen en aval de ladite 
structure de lyse des cellules. 

6. Dispositif selon Tune quelconque des revendications precedentes dans lequel ladite region de manipulation des 
cellules comprend de plus une region de capture des cellules comprenant des sites de liaison immobilises qui lient 
35 reversiblement une molecule de surface cellulaire preselectionnee d'une population de cellules dans un echantillon 
de f luide contenant des cellules; et 

dans lequel ledit moyen pour induire I'ecoulement comprend un moyen pour induire un ecoutement dudit echan- 
tillon contenant des cellules : 

a une premiere vitesse d'ecoulement suffisamment lente pour permettre la capture des cellules dans ladite 
40 population de cellules par des sites de liaison, pour ainsi separer ladite population de cellules dudit echantillon; et 

a une seconde vitesse d'ecoulement, plus elevee que ladite premiere vitesse d'ecoulement, et suffisante 
pour liberer lesdites cellules de ladite region de capture, et pour amener lesdites cellules separees a ladite struc- 
ture de lyse des cellules. 

45 7. Dispositif selon I'une quelconque des revendications precedentes dans lequel ledit moyen de detection comprend 
un moyen en aval de ladite region de capture des cellules pour determiner la presence d'un composant extracellu- 
laire dudit echantillon. 

8. Dispositif selon I'une quelconque des revendications 1 a 6 dans lequel ledit moyen de detection comprend un 
so moyen pour detecter la presence d'un composant intracellulaire dans lesdites cellules capturees. 

9. Dispositif selon la revendication 8 comprenant un moyen de filtre, dispose entre ledit moyen de lyse des cellules et 
ledit moyen de detection pour f iltrer les debris cellulaires provenant dudit echantillon. 

55 10. Dispositif selon la revendication 9 comprenant de plus un recipient d'evacuation des dechets pour collecter les 
debris insolubles dispose adjacent audit filtre. 



13 



r 



EP 0 637 998 B1 

1 1 . Dispositif sefon Tune quelconque des revendications precedentes dans lequel tadite structure de manipulation des 
cellules comprend de plus un tamis cellulaire comprenarrt un moyen def rnissant une plurality de passages d'ecou- 
lement de taille restreirrte permettant a seulement des cellules d'un diametre suff isamment petit de traverser. 

5 12. Dispositif selon Tune quelconque des revendications precedences dans lequel ledrt substrat comprend du silicium 
microfabrique. 

1 3. Dispositif selon Tune quelconque des revendications precedentes comprenarrt de plus un appareillage pour utilisa- 
tion en combinaison avec ledit substrat, (edit appareillage comprenarrt : 

w un moyen pour maintenir ledit substrat; et 

un moyen d'entree de fluide s'interadaptant avec un orifice d'entree sur ledit substrat; et 
dans lequel ledit moyen pour induire recoupment comprend un moyen de pompage, dispose dans ledit appa- 
reillage, pour passer le fluide a travers le systeme d'ecoulement dudit substrat lorsqu'il est maintenu dans ledit 
moyen de maintien. 

15 

14. Dispositif selon tune quelconque des revendications precedentes dans lequel ledit moyen de detection comprend 
un appareillage pour utilisation en combinaison avec ledit substrat, (edit apppareillage comprenarrt : 

un moyen pour maintenir ledit substrat; et 

un moyen optique pour visualiser les contenus du systeme d'ecoulement a echelle inter mediaire dans ledit subs- 
20 trat 

15. Dispositif selon la revendication 14, dans lequel ledit moyen optique comprend des optiques d'agrandissement et 
une camera video, et dans lequel ledit appareillage comprend de plus : 

un mecanisme a inclinaison pour ajuster manuellement Tangle et la position du dispositif; et 
25 un ecran video pour visualiser les contenus dudit systeme d'ecoulement 

16. Dispositif selon Tune quelconque des revendications precedentes dans lequel ledit systeme d'ecoulement a 
echelle intermedial re comprend de plus : 

un canal de derivation en communication de fluide avec ledit canal d'ecoulement; et 
30 au moins deux orifices additionnels communiquant entre ledit canal d'ecoulement et ledit canal de derivation, res- 
pectivement, et I'exterieur dudit systeme d'ecoulement; et 

dans lequel ledit dispositif comprend de plus un moyen de vannes pour dinger recoupment a travers ledit systeme 
d'ecoulement vers I'un desdrts orifices additionnels selectionne. 

35 17. Dispositif selon la revendication 16 comprenarrt de plus un appareillage pour utilisation en combinaison avec ledit 
substrat, ledit appareillage comprenarrt : 
un moyen pour maintenir ledit substrat; 

des canaux d'ecoulement de fluide s'interadaptant avec au moins deux desdits orifices lorsque ledit substrat est 
maintenu dans ledit moyen de maintien; et 
40 dans lequel ledit moyen pour induire recoupment comprend un moyen de pompage dispose dans ledit appa- 
reillage en communication de fluide avec lesdrts orifices d'entree pour induire un ecoulemerrt dans ledit systeme 
d'ecoulement. 

18. Dispositif selon la revendication 16 ou 1 7 dans lequel ledit moyen de vanne est dispose dans ledit appareillage. 

45 

1 9. Dispositif selon I'une quelconque des revendications precedentes dans lequel ledit moyen de detection comprend: 
au moins deux regions de detection d'analyte dans ledit systeme d'ecoulement, en communication de fluide avec 
ladrte structure de manipulation des cellules, une des regions de detection etant adaptee pour analyser un echan- 
tillon, I'autre etant adaptee en tant que controle; et 

so dans lequel (edit moyen pour induire recoupment comprend un moyen pour induire un ecoulemerrt d'un echantillon 
a travers ladite structure de manipulation des cellules et ensuite vers les deux dites regions de detection, pour per- 
mettre ainsi la comparaison des donnees a partir des regions de detection. 

20. Dispositif selon I'une quelconque des revendications precedentes dans lequel ledit moyen de detection comprend 
55 une region de detection dans ledit systeme d'ecoulement a echelle intermediate pour collecter optiquement ou 

electriquement des donnees indicatrices de la presence ou de la concentration d'un analyte dans un echantillon 
contenu dans ledit systeme d'ecoulement. 
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21 . Dispositif pour analyser un echantiilon contenant des cellules, fluide, le dispositif comprenant : 
un substrat solide microfabrique pour definir : 

un orifice d'entree d'echantillon; et 

un systeme d'ecoulement a echelle intermediaire defini par des chambres et des passages d'ecoulement ayant 
des dimensions en section transversale d'environ 0,1 a 500 \im ou les chambres dans le substrat peuvent egale- 
ment avoir des dimensions plus grandes de quelques millimetres, le systeme d'ecoulement a echelle intermediaire 
comprenant : 

un canal d'ecoulement d'echantillon s'etendant a partir dudtt orifice d'entree; et 

une region de manipulation des cellules pour trailer des cellules disposees en communication de fluide avec ledit 
canal d'ecoulement, ladite region de manipulation des cellules comprenant un agent de lyse des cellules; 
un moyen pour induire un ecoulement des cellules dans un echantiilon par ledit canal d'ecoulement a echelle inter- 
mediaire et ladrte region de manipulation des cellules pour forcer les cellules dans ledit echantiilon en contact avec 
ledit agent de lyse des cellules, pour ainsi lyser les cellules dans ledit echantiilon; et 

un moyen en aval de ladite region de manipulation des cellules pour detecter un analyte dans ledit echantiilon de 
cellules lysees. 

22. Methode de separation d'une sous-population cible de cellules dans un echantiilon liquide contenant des cellules 
comprenant les etapes de : 

(A) fourniture d'un passage d'ecoulement d'echantillon a echelle intermediaire ayant des dimensions en sec- 
tion transversale d'environ 0,1 a 500 nm, et comprenant une paroi solide ayant immobilisee sur elle une pro- 
teine de liaison specifique a une caracteristique de proteine liee a une membrane cellulaire de ladite 
population cible; 

(B) passage d'un echantiilon liquide contenant des cellules par ledit passage dans des conditions qui permet- 
tent la capture des membres de la sous-population cible de cellules par une liaison reversible de proteine 
immobilisee-proteine de surface cellulaire, tout en permettant aux autres cellules de passer a travers; et 

(C) changement des conditions dans ledit passage d'ecoulement pour liberer ladite sous-population cible de 
cellules. 

23. Methode selon la revendication 22 dans laquelle ladite vitesse d'ecoulement du fluide dans ledit passage d'ecou- 
lement est augmented a I'etape C pour separer les cellules de ladite paroi solide. 

24. Methode selon la revendication 22 dans laquelle I'etape C est menee par introduction d'un solvant dans ledit canal 
d'ecoulement qui desorbe lesdites cellules de ladite paroi solide. 
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